
UNCLASSIFIED

AD NUMBER

ADB253499

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies only; Proprietary Info.; Oct 99.
Other requests shall be referred to U.S.
Army Medical Research and Materiel
Command, 504 Scott St, Fort Detrick, MD
21702-5012.

AUTHORITY

USAMRMC ltr, 26 Aug 2002

THIS PAGE IS UNCLASSIFIED



AD

Award Number: DAMD17-98-1-8546

TITLE: Radiosensitization of Prostate Tumor Cells by
Prenyltransferase Inhibitors

PRINCIPAL INVESTIGATOR: Eric J. Bernhard, Ph.D.

CONTRACTING ORGANIZATION: University of Pennsylvania
Philadelphia, Pennsylvania 19104-3246

REPORT DATE: October 1999

TYPE OF REPORT: Annual

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Distribution authorized to U.S. Government
agencies only (proprietary information, Oct 99). Other requests
for this document shall be referred to U.S. Army Medical Research
and Materiel Command, 504 Scott Street, Fort Detrick, Maryland
21702-5012.

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.

Personally Identifiable

I information Redacted

20000511 095
DTIC QUALTY JNCTED 2



NOTICE

USING GOVERNMENT DRAWINGS, SPECIFICATIONS, OR OTHER
DATA INCLUDED IN THIS DOCUMENT FOR ANY PURPOSE OTHER
THAN GOVERNMENT PROCUREMENT DOES NOT IN ANY WAY
OBLIGATE THE U.S. GOVERNMENT. THE FACT THAT THE
GOVERNMENT FORMULATED OR SUPPLIED THE DRAWINGS,
SPECIFICATIONS, OR OTHER DATA DOES NOT LICENSE THE
HOLDER OR ANY OTHER PERSON OR CORPORATION; OR CONVEY
ANY RIGHTS OR PERMISSION TO MANUFACTURE, USE, OR SELL
ANY PATENTED INVENTION THAT MAY RELATE TO THEM.

LIMITED RIGHTS LEGEND

Award Number: DAMD17-98-1-8546
Organization: University of Pennsylvania

Those portions of the technical data contained in this report marked as
limited rights data shall not, without the written permission of the above
contractor, be (a) released or disclosed outside the government, (b) used by
the Government for manufacture or, in the case of computer software
documentation, for preparing the same or similar computer software, or (c)
used by a party other than the Government, except that the Government may
release or disclose technical data to persons outside the Government, or
permit the use of technical data by such persons, if (i) such release,
disclosure, or use is necessary for emergency repair or overhaul or (ii) is a
release or disclosure of technical data (other than detailed manufacturing or
process data) to, or use of such data by, a foreign government that is in the
interest of the Government and is required for evaluational or informational
purposes, provided in either case that such release, disclosure or use is made
subject to a prohibition that the person to whom the data is released or
disclosed may not further use, release or disclose such data, and the
contractor or subcontractor or subcontractor asserting the restriction is
notified of such release, disclosure or use. This legend, together with the
indications of the portions of this data which are subject to such
limitations, shall be included on any reproduction hereof which includes any
part of the portions subject to such limitations.

THIS TECHNICAL REPORT HAS BEEN REVIEWED AND IS APPROVED FOR
PUBLICATION.



REPORT DOCUMENTATION PAGE 0MB No.074-0188
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining
the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for
reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of
Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503

1. AGENCY USE ONLY (Leave 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
blank) October 1999 Annual (1-Oct-98 - 30-Sep-99)

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Radiosensitization of Prostate Tumor Cells by DAMD17-98-1-8546

Prenyltransferase Inhibitors

6. AUTHOR(S)
Eric J. Bernhard, Ph.D.

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

University of Pennsylvania REPORT NUMBER

Philadelphia, Pennsylvania 19104-3246

E-MAIL:
bernhardpmail.med.upenn.edu
9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING

AGENCY REPORT NUMBER

U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

11. SUPPLEMENTARY NOTES

Distribution authorized to U.S. Government agencies only 12b. DIS
(proprietary information, Oct 99). Other requests for this TRIBUTION CODE

document shall be referred to U.S. Army Medical Research and
Materiel Command, 504 Scott Street, Fort Detrick, Maryland 21702-5012.

13. ABSTRACT (Maximum 200 Words)
The purpose of this study is to determine whether ras oncogene activation

contributes to radiation resistance in prostate tumor cells, and if so,

whether this resistance can be reversed through the use of
prenyltransferase inhibitors. We have examined both rodent and human

prostate tumor cell lines in vitro and determined that radiation resistance

is increased in some, but not all lines after expression of activated ras

is induced by transfection or transduction with activated ras oncogenes.

In cells where expression of activated ras was linked to increased
radiation resistance, treatment with farnesyltransferase inhibitors

resulted in radiosensitization in vitro. Preliminary in vivo results show

that farnesyltransferase inhibitors have the effect of reducing tumor
hypoxia in prostate tumors expressing activated ras. Our results imply

that prenyltransferase inhibitors may be useful in the treatment of

prostate tumors when used in conjunction with radiation therapy. These

inhibitors appear to affect both intrinsic cell radiosensitivity (as

measured in vitro) as well as altering the tumor micro-environment (as

shown in vivo).

14. SUBJECT TERMS 15. NUMBER OF PAGES
Prostate Cancer 16

16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

Unclassified Unclassified Unclassified Limited
NSN 7540012805500 Page 2 Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Std. Z39-18
298-102



FOREWORD

Opinions, interpretations, conclusions and recommendations are

those of the author and are not necessarily endorsed by the U.S.
Army.

N/A Where copyrighted material is quoted, permission has been
obtained to use such material.

N/A Where material from documents designated for limited
distribution is quoted, permission has been obtained to use the
material.

X_ Citations of commercial organizations and trade names in this
report do not constitute an official Department of Army
endorsement or approval of the products or services of these
organizations.

SX In conducting research using animals, the investigator(s)
adhered to the "Guide for the Care and Use of Laboratory Animals,"
prepared by the Committee on Care and use of Laboratory Animals of
the Institute of Laboratory Resources, national Research Council
(NIH Publication No. 86-23, Revised 1985).

SX For the protection of human subjects, the investigator(s)
adhered to policies of applicable Federal Law 45 CFR 46.

N/A In conducting research utilizing recombinant DNA technology,
the investigator(s) adhered to current guidelines promulgated by

the National Institutes of Health.

N/A In the conduct of research utilizing recombinant DNA, the
investigator(s) adhered to the NIH Guidelines for Research
Involving Recombinant DNA Molecules.

N/A In the conduct of research involving hazardous organisms, the
investigator(s) adhered to the CDC-NIH Guide for Biosafety in
Microbiological and Biomedical Laboratories.

PI - Sia na ure Date

Page 3



Table of Contents

Standard Form 298 2

Foreword 3

Table of Contents 4

Introduction 5

Body 5-9
Key Research Accomplishments 10

Reportable Outcomes 10

Conclusions 10
References 11-12

Appendix 13-15

4



Introduction:
Oncogenic ras expression has been shown to increase the radiation resistance of many human and

rodent tumor cell lines(I-4). The focus of this grant is to examine whether the presence of activated ras
in prostate tumors increases their resistance to killing by radiation, and if this is the case, to examine a
means of reversing this radiation resistance. This grant was funded without modification of the specific
aims which are:

Aim 1. To determine the effects of prenyltransferase inhibition on the radiosensitivity of H-ras
transformed murine prostate tumor cells.
Aim 2. To define the effects of prenyltransferase inhibition on the radiosensitivity of human prostate
tumor cell lines expressing either H- or K-ras oncogenes.
Aim 3. To determine the effectiveness of prenyltransferase inhibitors as prostate tumor
radiosensitizing agents in vivo.

We previously demonstrated that transformation by oncogenic ras caused increased radiation
resistance in rat embryo fibroblasts (5). We subsequently showed that inhibition of ras activity led to a
decrease in the radiation survival in these cells accompanied by an increased radiation-induced apoptosis
(6). In these studies, ras activity was inhibited by preventing the post-translational prenylation of ras
required for its membrane association. Subsequent studies on human tumor cells with H- or K-ras
mutations showed that these cells could also be radiosensitized by prenyltransferase inhibitors (7).
Activating mutations of ras genes have been found in both human prostate tumors (8-13)] and have been
studied in animal models of prostate tumorigenesis (14-16). We have therefore examined the role of ras
activation in prostate tumor cell radioresistance.

Body:
As outlined in the plan of work, the majority of the work during the current year has focussed on

specific aims 1 and 2. In order to characterize the influence of activated ras on the radiation resistance of
prostate tumor cells we have inhibited H-ras activity in mouse prostate tumor lines expressing this
oncogene using farnesyltransferase inhibitors. These inhibitors block the post-translational processing of
the ras p21 protein required for its association with the cell membrane and its activity. Our studies have
confirmed the preliminary results presented in the original application showing that treatment of H-ras +
v-myc transformed mouse prostate tumor cells with farnesyltransferase inhibitors can result in increased
apoptosis and significantly decreased long-term survival after irradiation as measured by clonogenic
assay. These results have now been obtained with two different inhibitors. A total of 4 murine prostate
tumor cell lines have been examined for induction of apoptosis by FTI plus radiation. Of these 4, three
show significant enhancement of apoptosis at 24 h after irradiation although the levels of apoptosis varied
between cell lines. Representative data are shown for two of the cell lines in Figure 1. One cell line
showed no significant difference from irradiation alone after famesyltransferase inhibitor treatment (not
shown).

5



30 T 8-

6-

20

4-

10-

+ 2

TT

0~ ~ 00 I-

Treatment Treatment

Figure 1. Murine prostate lines 148#1primary Although both lines show significant
tumor (left panel) and 151 #2 lung metastasis increase in apoptosis after irradiation that is
(right panel) were treated for 24 h prior to further increased by farnesyltransferase
irradiation with 2[tM L744,832. Apoptosis inhibitor treatment, the absolute levels of
was determined by examining nuclear apoptosis vary between cell lines.
morphology after staining with propidium
iodide.

The clonogenic survival of mouse prostate tumor cell lines has also been examined after
treatment with the L744,832 inhibitor (Figure 2). The radiation survival of prostate tumor cells
as assessed by limiting dilution analysis was decreased after combined L744,832 inhibitor and 2
Gy irradiation treatment to a greater extent than was seen with either treatment alone. The
radiation survival of tumor cell clonogens was reduced by 15-20% when corrected for the
toxicity of the drug alone.
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Figure 2. Clonogenic survival of two prostate The surviving fraction at 2 Gy of prostate C (Left

tumor lines was determined by limiting dilution panel) was decreased from 0.61 to 0.52. The

analysis after treatment with the surviving fraction at 2 Gy of prostate D (right panel)

farnesyltransferase inhibitor L744,832. The was decreased from 0.85 to 0.68.

steeper the slope of the line, the greater the

plating efficiency of the cells.

Although magnitude of the effect of farnesyltransferase inhibitor treatment on apoptosis and
radiation survival varies between mouse cell lines, the data obtained confirm that farnesyltransferase
inhibitors can increase radiation-induced apoptosis and decrease clonogenic survival in this model of
prostate cancer.

We have extended our studies to human cells expressing oncogenic H- or K-ras as a result of
transfection. We successfully obtained clones of the 267B 1 cell line (17) after transfection with H-ras
that expressed high levels of H-rasv 12 (Figure 3). These clones showed alterations in morphology
including greater refractility and rounding up of the cells. One of these clones has been tested for
survival after irradiation with or without farnesyltransferase inhibitor treatment.

Figure 3. Western blot of H-ras protein expression.
The 267B I pAL8 clone expressing high levels of H-
rasv12 before (left lane) and after (right lane)
farnesyltransferase inhibitor treatment at 5RM for 24
h. Unfarnesylated H-ras migrates more slowly.
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Figure 3. The radiation survival of parental 267B1 cells was compared to that of 267B1 cells
transfected with the pAL8 plasmid encoding activated H-ras. Radiation survival, as determined by
limiting dilution analysis as in Figure 2 was increased from a surviving fraction of 0.4 to 0.8 after
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Figure 4. 267B1-pAL-8 cells expressing high levels of H-rasv12 were tested for clonogenic survival
after treatment with FTI-277. Radiation survival as assessed by limiting dilution analysis in this
experiment was reduced from a surviving fraction of 0.7 to 0.48 after FTI-277 treatment.
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The surviving fraction of 267B 1 cells after 2 Gy irradiation went from 0.4 to 0.8 after ras transfection.
Thus demonstrating a significant increase in radiation resistance over the parental line (Figure 3).
Treatment of this clone with farnesyltransferase inhibitor resulted in the reduction of this radiation
resistance (Figure 4). Thus introduction of activated H-ras into prostate cells can increase radiation
resistance, and this resistance can be reversed by inhibiting ras farnesylation. In contrast, the Ki267B 1
cell line obtained from Dr. Johng Rhim, which expresses activated K-ras as a result of viral transduction
showed no increase in radiation resistance over the parental cells. Radiation resistance in this line was
not was not affected by prenyltransferase inhibitor treatment (not shown).

As a preliminary step to investigating the effects of farnesyltransferase inhibitors on prostate
tumor xenograft radiosensitivity, we have examined the effects of treatment with these compounds on the
tumor microenvironment. Both the vasculature of prostate tumor xenografts in nude mice, and the
oxygenation status of these tumors has been examined. As shown in Figure 5A, prostate tumor
xenografts are highly hypoxic. Treatment for 7 days with the L744,832 farnesyltransferase inhibitor
resulted in a tumor with a markedly higher oxygenation state. This is important in that tumor cell
oxygenation can have a large influence on the response of these cells to radiation. A severly hypoxic
environment can result in a two-fold or greater reduction in tumor cell killing by radiation. Thus
farnesyltransferase inhibitor treatment of these tumors resulted in a microenvironment that is predicted to
result in improved tumor cell killing by radiation.

Figure 5A. Mouse prostate tumors growing Figure 5B. Mouse prostate tumors were treated
subcutaneously were labelled with the hypoxic cell as in A except that the animals received
marker EF-5. Binding of this marker was detected continuous infusion of the FTI inhibitor
with a cy-5 conjugated monoclonal antibody L744,832 for seven days prior to sacrifice. Note
specific for EF-5. Vessels were subsequently that areas of hypoxia are not detectable in this
stained with anti CD-3 1. Areas of hypoxia are tumor. Vasculature, in contrast, appears to be
seen as brightly staining cellular regions in the more abundant.
central portion of this section. Vessel distribution
is detected as fillamentous staining surrounding
the central region

9



Key Research Accomplishments:
1. We have shown that the expression of activated ras can increase radiation resistance in both a rodent

and a human cell system, although the increase in radiation resistance after ras introduction was not a

universal finding.
2. When increased radiation resistance was found after activated ras introduction, this resistance was

abrogated through inhibition of ras using farnesyltransferase inhibition.

3. Two inhibitors have now been tested on prostate cells, the FTI-276 inhibitor developed by Dr.

Andrew Hamilton (now at Yale), and the L744,832 inhibitor developed by Merck and Co. Inc. Both

inhibitors showed the same radiosensitizing effect.

4. Preliminary in vivo studies show reoxygenation of prostate tumors after treatment with

farnesyltransferase inhibitors. This is a novel finding and predicts a positive effect on the response to

radiotherapy.

Reportable Outcomes:
1. Development of new cell lines derived from immortalized human prostate epithelial that express high

levels of H-rasv 12.

2. Training of medical student supported by an NIH short-term research grant for medical student

training obtained on the basis of her work on this project. (Kun Huang, CV included in appendix)

Conclusions:
We have in the past year demonstrated that the expression of activated H-ras can lead to

increased radiation resistance in both rodent and human prostate tumor cells. The radiation resistance

induced by H-ras activation was reversed by treatment with farnesyltransferase inhibitors. These data

support the hypothesis of the grant. The generalization of these findings to other prostate cell lines is one

goal of future studies who's importance is underlined by the finding that one human prostate cell line

transformed with K-ras by retroviral transduction did not show increased radiation resistance. In the cells

studied the expression of ras was obtained after either transfection or retroviral transduction. We have
now initiated the study of prostate tumor cell lines expressing naturally occurring mutations in ras

oncogenes. In addition to these studies, we are initiating studies on the effects of farnesyltransferase

inhibitors on the radiosensitivity of prostate tumors grown as xenografts in nude mice. As shown above,

these inhibitors have a marked effect on tumor oxygenation. Our finding that farnesyltransferase

inhibitors caused a reoxygenation of prostate tumor tissue is both novel and significant in that this

predicts a favorable effect of in vivo farnesyltransferase treatment in combination with radiation.
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